A method is described of preparing leaf sections for electron microscopy. which preserves the surface wax structures; it involves the evaporation of goldpalladium on to the waxy leaf surface before dehydration and embedding with the usual solvents. Sections through the epidermis showed structure related to that seen in carbon replicas of the leaf surface and allowed assessment of the thickness of the wax coating. The method also allowed better preservation of cuticular structure, which in Eucalyptus cinerea is lamellar. It is suggested that, in this species at least, wax may migrate to the leaf surface through anastomosing channels between the cuticular lamellae.
INTRODUCTION
Electron-microscope studies of the wax structures on leaf surfaces have been made possible through replica techniques such as those of Mueller, Carr, and Loomis (1954) and Juniper and Bradley (1958) . Although surface structures have been widely studied by replica techniques, it has not been possible to study them in sections prepared by conventional preparation methods for the electron microscope. Undoubtedly workers in this field have attempted to show the presence and origin of this wax. The only published record of evidence for wax origin is that of Hall and Donaldson (1962) . Using a replication method they were able to demonstrate the presence of 60 A diameter pores on leaves of Trifolium and of 70 A pores in Bras8ica, through which they suggested that wax could be extruded.
Earlier light-microscope studies have shown epidermal wax, usually on leaves with large waxy surface structures (De Bary 1884; Haberlandt 1928; Priestley 1943 ), but the relationship of wax to the epidermal cell surface and cuticle has been largely a matter of conjecture. Leigh and Matthews (1963) , working on Eragrostis, attempted to cut sections to show the presence of surface wax but failed to demonstrate its presence or origin. The difficulty of preparing sections of leaves with intact wax is not due to damage during section cutting as was suggested by them but rather that the wax is dissolved during the preparation of the material for the electron microscope by organic solvents used for dehydration, infiltration, and embedding.
A method of preserving the structure of surface wax in situ that overcomes some of these difficulties is presented in this paper.
II. METHODS

(a) Electron Microscopy
Leaf samples approximately 2 em square were evacuated in an Edwards 12 E6 vacuum-coating unit to approximately 2 X 10-4 mm Hg within 10 min. Goldpalladium (60 : 40) was evaporated on to the surface, the leaf samples removed, and coated with 2% Formvar in ethylene dichloride and allowed to dry. The leaf pieces were floated on water as soon as possible after this treatment so that some recovery from evacuation could take place. Epidermal slices of leaf were then cut with a razor-blade, sliced into strips 0·5 mm in width, fixed for 1 hr in 20/0 osmium tetroxide at room temperature, dehydrated in ethanol, infiltrated in methacrylate monomer, and embedded in drilled gelatine capsules filled with a methyl methacrylate-butyl methacrylate (20: 80 v/v) mixture with benzoyl peroxide (5·5 g/250 ml) as a catalyst. The blocks were polymerized by exposure to ultraviolet light for 3 days followed by 24 hr'at 60'0. This treatment was found necessary to minimize damage to the cuticle layer which occurred when the entire polymerization was at 60°0.
The carbon replicas were prepared by a modification of the method of J nniper and Bradley (1958) . Small pieces of leaf were prepared as above for the gold-palladium evaporation and carbon was evaporated on to them in a series of short bursts.
A solution of 1 % Parlodion in amyl acetate was dropped on to the surface, drained, and, when dry, backed with 5% Bedacryl 122x in benzene. The replica 'vas stripped from the leaf with Sellotape. The plastics were removed with a50 : 50 (v/v) mixture of ethyl acetate and acetone. The carbon replicas were mounted on grids and examined in ~ Siemens Elmiskop I electron microscope at 80 kV. The positive plates so obtained were reversed on to film and these negatives use¢!. to make the final prints.
(b) Light Microscopy
Strips of leaf approximately 1 em long by 0·5 cm ,vide 'vere immersed in a thick solution of gum acacia, frozen with carbon dioxide, cut on a Reichert freezemicrotome, and the sections mounted in water.
III. RESULTS AND DISCUSSION
The carbon replicas of the three species used show representative types of surface structures that are found within the genus Eucalyptus. Broadly speaking, E. cinerea (Plate 1, Fig. 1 ) is a "tube" type, E. pauciflora (Plate 1, Fig. 3 ) is a "plate" type, and E. leucoxylon (Plate 2, Fig. 1 ) a "tube and plate" type. These differences are also apparent in the electron micrographs of the sections of each species (Plate 1, Figs. 2 and 4; Plate 2, Fig. 2 ). Sections of fresh material for light microscopy had to be at least 20 /L thick as sections any thinner than this lost most of their wax due to mechanical damage during cutting. Studies of solvent action showed that when 50% alcohol was allowed to run nnder the coverslip, dissolution of the wax structures on E. cinerea occurred within 5 min, this probably being due to the extremely delicate nature of the wax and the large surface area presented to the solvent. This is illus-trated in Plate 2, Figures 4 and 5; Plate 2, Figure 3 , is an electron micrograph of a section of E. cinerea after normal preparation methods and shows no evidence of waxy surface structures. Cuticular damage was prevented by polymerization of methacrylate with ultraviolet light.
With the aid of the evaporated gold-palladium it was possible to stabilize and see the outline of the wax layer and this method could be used to estimate its thickness when cut in transverse section. The organic solvent in which the Formvar is dissolved undoubtedly disorganizes some of the surface wax beneath the goldpalladium, but this evaporated metal remains as a model of the surface embedded in the plastic. In many preparations Formvar entered the underlying tissues and infiltrated them, causing the tissue to crush during cutting. Even where this did not occur it was necessary to cut relatively thick sections so that the Formvar did not break away from the leaf surface. The direction of block travel with respect to the knife was particularly important to minimize stretch and compression effects within the relatively soft plastic layer; for example, Plate 3 is a section through E. cinerea where the knife has cut perpendicular to the leaf surface and travelled from wax to wall. Here compression of the tubes is apparent when compared to Plate 1, Figure 2 (knife travel 30' to surface).
During the photography the electron beam intensity was kept as low as possible to prevent movement of the Formvar layer.
Selected area electron diffraction on various parts of the section in Plate 3 shows: A, the characteristic pattern of gold-palladium; B, Formvar; and 0, cuticle, the latter two essentially the patterns derived from amorphous carbon compounds. This was proof that the electron-dense region did in fact represent the surface outline of the wax itself rather than osmium incorporated during fixation.
The section of E. cinerea (Plate 3) shows cuticular lamellations decreasing in thickness towards the external surface of the cuticle. Material fixed and embedded without the protective gold-palladium and Formvar layers on the surface wax lost the wax layer. Material embedded in methacrylate that was heat polymerized showed gross cuticular disturbance, this apparently arising in the less dense areas between the lamellae; the cuticle then appeared as a series of disorganized strips. It can therefore be said that if wax solvents, e.g. warm methacrylate, reach this area, disruption of cuticle structure results. This strongly suggests that the light zones between the lamellae containing wax or its precursors may be pathways through which these could travel to the surface. Hence it is possible that the wax pathways may be through this series of anastomosing channels rather than a large number of pores connecting directly from the epidermal cell wall to the exterior.
Further study of the cuticular structure is necessary before this can be firmly established.
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